This study aimed to retrospectively evaluate intra-and postoperative complications in 96 patients (104 TAA) from a consecutive, single-surgeon population of primary Salto Talaris arthroplasty procedures, using radiographic analysis and medical records review to identify complications and the Glazebrook classification system to categorize complications.
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Methods
The operative records of a single surgeon (senior author) were queried for all primary Salto Talaris TAA cases. Fusion take-downs were excluded. Medical records were reviewed from the time of the index procedure (operative note) until most recent follow-up or revision during the study period. Preoperative radiographs from the preoperative clinic visit immediately preceding the index procedure were included for radiographic analysis. A medical records review was performed to collect patient demographic and operative data, including patient gender, body mass index (BMI), age at primary TAA surgery, ankle (right/left), medical and operative histories (including Charlson Comorbidity Index score), reason for TAA/primary diagnosis, intra-and postoperative complications, reason(s) for revision or reoperation, and concurrent procedures.
The study population included 104 primary TAA in 96 patients (n = 8 bilateral), with an average follow-up of 46 months (range, 20 to 81; 3.8 years). Ninety-eight TAA had a minimum 2-year follow-up. Forty-eight men and 48 women, with an average BMI of 29.0 (range, 17.0 to 50.3) and average age of 65.0 years (range, 35 to 86) at index procedure, constituted the patient population. Primary diagnoses for TAA were osteoarthritis (n = 58), rheumatoid arthritis (n = 23), posttraumatic osteoarthritis (n = 22), and unknown (n = 1). At index procedure, 90 (87%) of cases included at least 1 concurrent procedure, and 14 cases did not include any concurrent procedures (13%). The average Charlson Comorbidity Index score was 1.1 (range, 0 to 8). Percutaneous tendo-Achilles lengthening was the most common concurrent procedure (n = 77; in n = 26 cases, this was the only concurrent procedure performed; Table 1 ).
Identification and Analysis of Intra-and Postoperative Complications
Using the Glazebrook classification, the overall complication rate was calculated by dividing the total number of complications by the total number of cases in the series. 11 Complications were also categorized as high grade (deep infection, aseptic loosening, implant failure), medium grade (technical error, subsidence, postoperative bone fracture), and low grade (intraoperative bone fracture, wound-healing problems), based on the likelihood of revision. Nonunion of concurrent fusion, including subtalar, talonavicular, syndesmotic fusions, was included in the "aseptic loosening" category, as described in the Glazebrook classification. 11 Complications that occurred in the study population, but were not defined in the Glazebrook classification, were listed separately. "Learning curve" was also evaluated, using the method reported by Daniels et al. 6 Other reoperation procedures and technical error (based on radiographic analysis) were also added to the analysis.
Radiographic Analysis
Radiographic analysis was completed on each TAA (n = 104), using anteroposterior (AP) and lateral views. Tibial angle (TA) and tibiotalar angle (TAL) were measured at pre-and postoperative (first postoperative weight-bearing follow-up) time points, in order to assess technical error. Technical error was defined as a complication when either of these measurements deviated more than 5 degrees from 90 degrees (Figure 1) . 23 Prostheses showing evidence of subsidence were recorded.
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Statistical Analysis
Study data were statistically analyzed (SigmaPlot 11.0, Systat Software, Inc, Chicago, IL) to compare the demographic and radiographic data of study populations with and without complications; complications were defined as those included in the Glazebrook classification system (Table  2) . 11 Fisher exact tests were used to compare nominal data 
Results
Analysis of Intra-and Postoperative Complications
During the intra-and postoperative periods of the 104 cases, 35 complications defined by the Glazebrook classification system were documented in 32 cases, resulting in a 34% overall complication rate in the study population (Table 3 ; Figure 2A ). Complications included technical error (n = 12), wound healing (n = 9), aseptic loosening (n = 4), deep infection (n = 3), nonunion of concurrent fusion (n = 2; Figure 3 ), subsidence (n = 2), postoperative bone fracture (n = 2), and intraoperative bone fracture (n = 1). There were no complications related to implant failure. When comparing the cases with and without complications, there were no statistically significant differences between patient sex, BMI, age at surgery, limb (right/left), follow-up time, or Charlson Comorbidity Index score. In 29 of the 32 cases (91%), patients who developed an intra-or postoperative complication had at least 1 concurrent procedure; further, of the 90 cases with at least 1 concurrent procedure, 29 resulted in complications (32%), whereas in the 14 cases without a concurrent procedure, 3 resulted in complication (21%). Proportionally, there was no statistically significant difference between the rate of complication when concurrent procedures (at least 1) were or were not performed. Eleven of the 32 cases with complication(s) underwent reoperation and/or revision to address the complication(s), which equated to a reoperation rate among patients with complication(s) of 34% and an overall reoperation rate of 11% in the 104-patient study population (Table 3 ; Figure 2B ). Reoperation and/or revision procedures were guided by the complication type. Within the reoperation/revision group (n = 11), 5 cases were TAA revisions (ie, revisions to different TAA, revision of existing TAA) and 6 cases were other revision procedures (ie, revision arthrodesis, irrigation and debridement, arthroscopic medial gutter debridement), resulting in a 15% rate of TAA revision within the complication cohort and 5% overall rate of TAA revision among the entire study population. The average time to onset of complications was 4 months (range, 0 to 33; Figure 4 ). When excluding intraoperative complications (intraoperative bone fracture and technical error only), the average time to onset of complications was 7 months (range, 0 to 33). Within the study population, 5 complication types not included with the Glazebrook classification system were identified, including pain (unspecified and specified), medial impingement, lateral impingement, and nerve compromise (Table 4) . Regarding the 3 patients with postoperative nerve compromise, all patients underwent electromyography (EMG)/ nerve conduction velocity (NCV). Two patients had sciatic neuropathy secondary to popliteal sciatic nerve block; 1 patient had new-onset plantar numbness, and EMG/NCV revealed L5 radiculopathy. None of the patients had a motor deficit at follow-up, but all had persistent tingling without focal sensory deficit.
To assess the "learning curve" of the surgeon, the rates of TAA revision, other reoperation procedures (ie, revision arthrodesis, irrigation and debridement, arthroscopic medical gutter debridement), and technical error complications (based on radiographic analysis) were assessed for the first 20 ankles versus the subsequent 84 ankles in the 104-patient study population (Table 5) . 6 Proportional calculations showed that TAA revision, reoperations, technical error complications, and all complications decreased from the first 20 TAA versus the subsequent 84 TAA; specifically, TAA revision decreased by 0.2%, while technical error decreased by 16.7%.
Radiographic Analysis
The TA and TAL were measured using pre-and postoperative radiographs. Preoperatively, the average TA was 88.3 degrees (range, 75.6 to 99.9), and the average TAL was 91.4 degrees (range, 62.1 to 123.1). Postoperatively, the average TA was 89.5 degrees (range, 83.1 to 93.8), and the average TAL was 88.5 degrees (range, 81.6 to 93.1). A technical error complication was recorded when either or both of these measurements deviated more than 5 degrees from 90 degrees (Figure 1) , 23 resulting in the identification of technical error complications in 12 cases (0 TA alone, 9 TAL alone, 3 both TA and TAL; Table 3 ).
There were no significant differences in preoperative, postoperative, or change in (difference between pre-and postoperative measurements) TA or TAL for patients with and without complications. Thirty ankles (29%) had significant preoperative deformity, defined as TA or TAL greater than 10 degrees from normal. Within this group, 22 ankles did not develop complications within the follow-up period (31% of the uncomplicated cohort), while 8 patients developed complications (24% of the complicated cohort; specifically, technical error, n = 5; subsidence, n = 1; aseptic loosening, n = 1; infection, n = 1). Proportionally, there was no statistically significant difference between patients with greater than 10 degrees of deformity (greater than 10 degrees from normal) developing an intra-or postoperative complication. When assessing radiographs for subsidence, 39 (38%) prostheses showed radiographic evidence of cyst and/or lucency on either AP and/or lateral views. Through radiographic evaluation, osteopenic regions surrounding the keel were also observed in 35 (34%) prostheses: 19 of 71 (27%) of prostheses in the study population without complications and 16 of 33 (48%) of prostheses in the cohort with complications. "Keel osteopenia" was demonstrated by a reduction of trabeculae in the region surrounding the keel on AP radiographs ( Figure 5) . Identification was based only on qualitative observation, as quantitative studies (eg, dualenergy x-ray absorptiometry scan) were unavailable. Proportionally, there were no statistically significant differences in radiographically observed lucency, subsidence, keel osteopenia, or cyst between the complicated and uncomplicated cohorts. Moderate, negative correlations were found between radiographically observed keel osteopenia and lucency in both the cohorts with (ρ = −0.548, P = .00125) and without complications (ρ = −0.416, P = .000303). A weak, positive correlation between radiographically observed subsidence and lucency (ρ = 0.357, P = .0450) in the complication cohort was also found.
Discussion
The current study examined intra-and postoperative complications of the Salto Talaris prosthesis in a single-surgeon data set. There has been limited information on postoperative complications in TAA, especially the Salto Talaris prostheses. 22 In a meta-analysis of 20 studies, Glazebrook et al 11 devised a classification system of complications based on the rate of failure. Our study used reoperation and revision as endpoints for inclusion in the TAA failure category and found an overall complication rate of 35%. Reoperation and revision rates were 10% and 5%, respectively, for the study population. Technical error was the most common complication (n = 12), in part because of the stringent 5-degree threshold used to define component malposition, and only 1 case required operative intervention. The Glazebrook classification system indicated aseptic loosening (including nonunions), deep infection, and implant failure as high-grade complications, which are very likely to require reoperation (greater than 50% of encounters). 11 Our study population followed the classification, with cases of aseptic loosening (including nonunions) and deep infection complications resulting in reoperation rates of 83% (5 of 6 cases) and 66.7% (2 of 3 cases); however, implant failure, which we defined as catastrophic failure of the prosthesis, was not identified within our study population. Glazebrook et al 11 included technical error, subsidence, and postoperative bone fracture as medium-grade complications, leading to TAA failure in less than 50% of encounters. The medium-grade complications in our study population included postoperative bone fracture (50%; 1 of 2 cases), subsidence (50%; 1 of 2 cases), and technical error (8%; 1 of 12 cases). Low-grade complications, which are unlikely to lead to TAA failure according to Glazebrook et al, include intraoperative bone fracture and wound healing 11 ; however, 1 case with a wound-healing complication in our series required reoperation (11%). The reoperation/ revision rate for intraoperative bone fracture and implant Figure 2 . Rate of complication in the study population, according to complication type, according to the Glazebrook classification system for total ankle arthroplasty complications.
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(A) Rate of reoperation, according to complication type, according to the Glazebrook classification system for total ankle arthroplasty complications to delineate high-, medium-, and lowgrade complications. (B) *Per the Glazebrook system, cases of nonunion are included in the aseptic loosening category. 11 In this series, there were 3 cases of aseptic loosening and 2 nonunions of concurrent fusion, which required reoperation.
failure corresponded with the low-grade complication classification in our study population (no cases); however, wound healing was elevated to a medium-grade complication. Five additional postoperative complications were identified in our study population, including uncharacterized pain, specified; uncharacterized pain, unspecified; medial impingement; lateral impingement; and nerve compromise.
The reoperation rate in our study population (11%) was similar to other Salto Talaris outcomes studies by Oliver et al 19 (8% at 38.9-month average follow-up) and Schweitzer et al 22 (12% at 2.81-year average follow-up). While our reoperation rate was slightly lower than the cohort of Hofmann et al 14 (21% at 5.2-year average followup), our average follow-up is approximately 1 year less, leading to a shorter period of captured cases for analysis of reoperation rates. In addition, our results are similar to Salto outcomes studies by Chao et al 5 (17% at 36-month average follow-up) and Nodzo et al 18 (17% at 43-month average follow up), with the mobile bearing counterpart of the Salto Talaris. 19, 22 Concurrent procedures were common in our study population, with 90% of the patient population undergoing at least 1 concurrent procedure. Likely because of differences in case complexity, surgeon preference, deformity severity, and previous procedures, there is a wide range of rates of concurrent procedures in the published literature. The rate of concurrent procedures in our series was greater than in Gaudot et al 9 (48%), Schweitzer et al 22 (67%), and Oliver et al 19 (78%); specifically, Oliver et al 19 reported a total of 192 concurrent procedures in 245 TAA, with Achilles or gastrocnemius lengthening constituting most of these procedures (n = 104; 42%). The 95% TAA survival rate of our patient population at a 46-month (3.8-year) average follow-up was slightly lower than early-term follow-up of the Salto Talaris reported in other studies: 97% at 2-year average follow-up, 96% at 2.81-year average follow-up, 98% at 3.2-year average follow-up, and 97.5% at 5.2-year average follow-up. 9, 14, 19, 22 The mobilebearing Salto TAA has shown survival rates of up to 98% at an average 68-month follow-up and 86.6% at 5-year follow-up. Tibialis posterior tendon tear and planovalgus deformity (n = 1), peroneal tendonitis (n = 1), and posterior ankle discomfort with ossification in mid substance of Achilles on radiograph (n = 1). Learning curve analysis showed a 0.2% decrease in TAA revision and 16.7% decrease in technical error between the first 20 and subsequent 84 TAA cases, whereas other reoperation procedures (eg, revision arthrodesis, irrigation and debridement, and arthroscopic medial gutter debridement) increased 2.1%. Daniels et al 6 suggested that a substantial learning curve in TAA exists, resulting in a substantially greater revision rate in the first 20 patients in their series compared with subsequent patients. 6 While longer followup in the first 20 patients accounts for some of the difference in revision rates, several factors that lead to revision are not necessarily time dependent, including infection and intraoperative fracture. Our results also showed that technical errors occurred less frequently as the surgeon gained experience. Basques et al 1 reported on complications and cost according to surgeon volume via an analysis of a national inpatient database. They found substantial lower cost and rate of complications for surgeons whose volume was in the 90th percentile, equating to at least 21 TAA cases per year. Adverse events and complications in their series included many more general health variables not included in the Glazebrook classification, such as pneumonia, acute kidney injury, urinary tract infection, and transfusion. In our series, the average caseload was below the 90th percentile in the first 2 years. In the subsequent 3 years, the average caseload each year was above the 90th percentile threshold. The overall complication rates for years 1 and 2 versus years 3 to 5 were 33% and 34%, respectively; however, technical error complications decreased as the high-volume threshold was reached, with technical error complication rates of 22% versus 7% for years 1 and 2 versus years 3 to 5, respectively. These results support the concept that as a surgeon gains technical expertise, technical errors are minimized. The senior author, however, also posits that in addition to improved operative technique, the evolution and refinement of operative instrumentation and preoperative planning tools account for much of the accuracy of implantation.
Radiographic analysis showed a subset of patients (38%) presenting with signs of radiographic loosening, cyst formation, or osteolysis on postoperative radiographs. Schweitzer et al 22 found 39% of patients in their series demonstrated radiolucencies about the tibial component and 15% around the talar component. Our series found similar results, with 37% of patients exhibiting lucencies of the tibial component and 6% of patients with lucencies of the talar component. Prevalence of radiographic lucency around the tibial component has also been reported by Bonnin et al 3 and Hofmann et al. 14 Recent data from Yoon et al 24 suggest the sensitivity of plain radiographs was 53.4% for all osteolytic lesions and 50% for lesions less than 100 mm 3 ; therefore, despite close inspection of plain radiographs, it is possible that some cases of lucency were initially missed, although routine computed tomography studies in the asymptomatic patient to evaluate osteolytic changes are not recommended. Because of implant design, radiographic evidence of talar component lucency was difficult to assess and possibly underestimated. Yoon et al 24 described a correlation between timing of the onset of osteolysis with progression and clinical decline; specifically, early-onset osteolysis (less than 1 year) showed less progression (9.5% patients) than late-onset cases (onset greater than 1 year; 50% progression). In a study of 23 primary Salto TAA, Chao et al reported a single case of revision of a TAA demonstrating global radiolucency about the tibial component. 5 Therefore, certain radiographic lucency patterns may predispose patients to increased rates of clinical decline. In our study population, linear lucency spanning the entire tibial component was observed in several cases, which may lead to an increased risk for subsequent revision, as described in the Yoon and Chao cohorts, thus necessitating close clinical follow-up.
During analysis, an additional subset of cases demonstrated osteopenia surrounding the keel of the tibial component ("keel osteopenia"). In some cases, osteopenia may result from disuse but also from a well-fixed implant with subsequent stress shielding in areas surrounding the keel. This phenomenon has been well described in the total hip and total knee populations, and the clinical significance remains a topic of debate. 4, 12, 15, 16 In both cohorts with and without complications, there was a statistically significant moderate, negative correlation between patients who demonstrated a keel osteopenia pattern and those who had discrete lucent zones around the tibial component (with complications: ρ = -0.5.48, P = .00125; without complications: ρ = 0.357, P = .0450). Because lucent zones may suggest lack of ingrowth or loosening, keel osteopenia may predict an absence of loosening.
Limitations of this study include the retrospective nature of data collection, lack of structured clinical outcome measures, and qualitative assessment of lucencies around the keel of the prostheses. Primary diagnoses for posttraumatic osteoarthritis were likely underreported. Also, the range of follow-up duration for this cohort is 20 to 81 months, which permitted the capture of complication data at a large range of follow-up: 46-month average follow-up, 98 at minimum 2-year follow-up, all (104) greater than 1-year follow up ( Figure 4 ; Table 5 ); however, we anticipate late-onset complications will continue to occur, thus modifying the overall analysis.
Conclusion
The 2-component Salto Talaris TAA was an existing tool for the management of advanced ankle arthritis in a range of potential ankle arthroplasty candidates; however, few clinical reports and analyses of this specific implant existed. Two learning curve analyses highlighted the significance of technical expertise and annual volume of TAA cases on complication rates. Implant survivorship and reoperation rate in our series were similar to previously reported early-term outcomes. The Glazebrook classification of complication types in TAA was applied to our series. A statistically significant correlation was found between radiographically observed lucency and "keel osteopenia" in both the cohorts, with and without complications (with complications: ρ = -0.548, P = .00125; without complications: ρ = 0.357, P = .0450). It may be possible to identify patients who are at increased risk for impending TAA failure by documenting radiographic periprosthetic lucency, osteolysis, and cyst formation, thus allowing the clinician opportunities for more vigilant observation and follow-up.
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